According to Newtonian theory, space and time are absolute, and consequently, once a length measure standard and a time measure standard are chosen, they keep invariant. According to relativity however, the length and time measure standards may vary with different positions and different reference systems. This implies that the observed values at points A and B are not absolute. Hence, we must establisb a "common measure standard system", into which all observed values must be transformed.
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T where T0 and T are the time keepings of ideal clock and gronud clock respectively, M is the earth's mass, G is the gravitational constant r is the distance from the geocenter to the ground clock, and v is the velocity of the gronud clock with respect to the geocentric star-fixed system. Equation (1) shows that the ground doek runs slower than the ideal clock does.
Because of the existence of the gravitational field, the length of a measure rod depends on the directions along which the rod is set. Suppose the gravitational field consists of two parts: the main part that is caused by a uniform sphere (with the earth's mass), whose metric is the Schwarzschild metric g. (cf. Weinberg 1972) ; and the perturbation part that is caused by irregular masses, whose metric is supposed to be h,. According to the Schwarzschild metric, the rod will not be influenced by gravitational field when it is set along the transverse direction of a spherical field, denoted as L,, and it will be iniluenced by gravitational field when it i set along the radiaj direction of a spherical field, denoted as Lr (cf. Lorentz et al. 1923 ). Suppose there is at infinity a rod L0 at rest, 1 375 which is neither influenced by gravitation nor the earth's motion, and consequently it can be considered as an ideal length. Then we have (cf. Lorentz et al. 1923) :
The earth's rotation is not taken into account in the Schwarzschild metric. In fact, if we resort to the Kerr metric (cf. Weinberg 1972), we can stili get the above result (cf. Shen 1997).
GRAVITATION
In Newtonian theory, gravitation is related neither to the state of the particle's motion nor to the state of the gravitational source's motion. In general relativity however, gravitational effect is related to both the states of the particle's motion and the gravitational source's motion. However, the nature of gravitation is stili a great mystery. We do not know why the gravitational field appears as it does. But one fact is definite: gravitational fields originate from gravitational masses, just as electromagnetic fields originate from (electric) charges. Furthermore, it is found that gravitational fields can be expressed geometrically. Gravitation causes the curvature of spacetime; and the curvature of spacetime characterizes some aspects of the gravitational fleld. Note that we cannot say that the spacetime curvature is gravitation. Essentially, gravitation is one kind of physical phenomenon arising from the mass sources.
INERTIA
When a body has an acceleration with respect to an inertial reference system, it "feels" a force whicb is opposite to the direction of the acceleration. Based on the well-known rotation experiment of the water bucket, Newton (1686) stated that inertia arises from the acceleration of the body relative to the absolute space. However, Mach (1883) stated that inertia arises from the acceleration relative to the total matter of the universe (cf. Mach 1SS3). \Vho is right?
Trying to answer this question, let us consider the following Gedankenexperiment (cf. Shen 1996): we assume that the uriiverse is completely empty. 1f Mach is right, there will not exist any inertial force at all. Jlowever; if Newton is right, inertial forces will exist. In fact, once an acceleration reference system is iritroduced, an inertial force followes; once a rotating reference system is introduced, the inertial centrifugal force, Coriolis force and Euler force are introduced. It seems that inertial forces are not related to the total matter of the universe. Unfortunately, since there does not exist the empty universe that we have assumed, we cannot make a flnal judgement: Who is correct, Newton or Mach?
GRAVITY
Generally, we may define gravity as foliows (cf. Shen 1996): Referring to a celestial body, at an arbitrary point P (no matter. outside or inside the body), gravity is the superposition of the gravitation and the inertial forces caused by the celestial body, provided that the point P is at the moment rigidly fixed to the body.
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Any inertial force is due to the use of a non-inertial reference system. In the geocentric earth-fixed system (GES), which is a non-inertial system, there exists a centrifugal force field. However, in the geocentric star-fixed system (GSS), which is a quasi-inertial system, there does not exist centrifugal force field. The reference system does neither influence gravitational fields, nor the curvature of spacetime. Reference system effects can be calculated theoretically, provided that a definite reference system is chosen -Hence, once the earth's gravitational field is determined, the gravity field is determined.
In practice, (generally) the observed quantities contain the reference system effects. Consequently, it is necessary to discuss the coordinate transformation between reference systems, Once a reference system is transformed, the corresponding metric g,. as well as the Christofel symbols r will change. Since g. and F have the characters of gravitational potential and gravitation respectively (cf. Weinberg 1972) , and are related to the choice of the reference systems, they can be considered as having the characters of the geopotential and gravity respectively.
Suppose there exists a gravitational field caused by a non-rotating uniform sphere. Then, the field is expressed by the Schwarzschild metric. In a spberical coordinate system S (suppose S is the geocentric star-fixed system GSS), the spacetime interval can be expressed as
r Now we consider the metric form expressed in another coordinate system S', which is chosen in such a way that it rotates with a constant angular velocity with respect to S (suppose S' is the geocentric earth-fixed system GES), and its origin and the third space axis always coincide with the origin and the third space axis of S respectively. Suppose point P has coordinates (t,r,O,) in system S and coordinates (t',r',9p') in system S'. Obviously, r' and 0' are equal to r and 0 respectively, i.e., = r, 0' = 0, and p' varies with time, given by the following equation:
However, we will encounter a difficulty in considering the transformation between the time coordinates t and t' (cf. Shen 1996) . Not going into details we just point out that it is reasonable to choose the following transformation equation (cf. Mçller 1972; Shen 1996): t,=t.
Then, we can write the coordinate transformation between S and S' as foliows:
Substituting (4) into (3) we get
-r sin 0 dp -ir wsin2 0'dqVdt'. (5) 3 377
Observed in system S, g, is given by (3), based on which the constructed Christofel symbols P have oniy the character of gravitation. However observed in system S', g is given by (5), based on which the constructed Christofel symbols F contain not only gravita.tional effects but also the inertial effects. This can be seen clearly by comparing g terms contained in (3) and (5). 1f we further construct the Riemann tensor RJ, we will find that no matter which kind of reference system is chosen, the Riemann tensor R,/ is not infinenced (cf. Shen and Moritz 1996) : all the effects stemming from the different choices of reference systems such as the centrifugal force and Coriolis force vanish. In other words, the choice of the reference system does not influence the nature of spacetime (gravitation). Hence, we conciude that gra.vitation has the essential character, and the gravity is an additional concept. Further discussions are found in Shen (1997) .
